I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Oral lesions which are caused by various forms of tobacco habits include oral leukoplakia, oral submucous fibrosis (OSMF), and squamous cell carcinoma. OSMF is a potentially malignant disorder which has risen rapidly in India reaching the count more than two millions in the last decade. The reported rate of malignant transformation in OSMF ranges from 3% to 19%.\[[@ref1]\] OSMF shows atrophic epithelium but has a high rate of proliferation which cannot be detected under hematoxylin and eosin (H and E) by assessing dysplasia. Assessment of malignant potential of OSMF might be improved by quantitative evaluation of more specific diagnostic biomarkers, which could help to grade its aggressiveness.\[[@ref2]\]

Extensive data for molecular markers such as p53, proliferation-associated antigens, cytokeratin, B-cell lymphoma 2 (BCL2) group of protein exist for leukoplakia, but data for OSMF are limited, especially in India. One of the important hallmarks of neoplastic transformation is the uncontrolled growth rate, commonly reflected as increased cell proliferation which can be significantly detected as high Ki-67 index.\[[@ref3]\]

Thus, this study evaluated and correlated Ki-67 expression with that of clinical staging and thickness of epithelium in different grades of OSMF.\[[@ref4]\]

Ki-67 has been shown to be excellent for the estimation of the growth fraction in both normal and malignant human tissues, and this antibody is now used as the standard for the assessment of cell proliferation as it does not get affected by internal and external factors. Due to its nuclear expression during a defined period of the cell cycle, it is considered as the most suitable biological marker of mitotic activity.\[[@ref5]\] Ki-67 marker is reliable and widely used. It recognizes a proliferation-related nuclear antigen present at all phases of cell cycle except G~0~.\[[@ref3]\] Furthermore, it has a much shorter half-life, thus producing less residual staining after cells have gone through proliferative stage.\[[@ref6][@ref7]\]

The thickness of the epithelium in OSMF also varies with different functional grading.\[[@ref8]\]

Therefore, this study tried to establish a possible correlation between Ki-67 expression with the thickness of epithelium and functional grading as there are very few such studies reported in the literature.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

This prospective study involved the use of paraffin-embedded tissues of previously histopathologically diagnosed cases of OSMF and oral squamous cell carcinoma (OSCC) between 1992 and 2015, retrieved from the archives of Department of Oral and Maxillofacial Pathology, Dr. D. Y. Patil Dental College, Nerul, Navi Mumbai.

Institutional ethical approval was not required from the ethical board as patients' identity has not been disclosed in the manuscript. Written informed consent was taken from patients.

This study was conducted from June 2014 to December 2015 at the Department of Oral and Maxillofacial Pathology, D. Y. Patil University School of Dentistry, Nerul, Navi Mumbai, and involved thirty patients of OSMF were randomly selected as the study group.

The control group comprised of 5 squamous cell carcinoma (positive control) patients. Five participants without OSMF, undergoing minor surgical procedures such as impaction and periodontal surgery, formed the negative control group. Demographic details were recorded for all the patients. Functional staging (mouth opening) was recorded for each patient of the study group, using a Vernier caliper as per More *et al.* (2012)\[[@ref9]\] by recording interincisal opening to categorize patients in four groups.

Group A: Mouth opening \>35 mmGroup B: Mouth opening between 25 and 35 mmGroup C: Mouth opening between 15 and 25 mmGroup D: Mouth opening \<15 mm.

All the 30 patients were subjected to incisional biopsy, and the specimens were routinely fixed in 10% neutral-buffered formalin (24--48 h). Clinical diagnosis was confirmed with H and E staining.

In this study, patients were categorized with mouth opening \>35 mm as normal, mouth opening between 25 and 35 mm as mild functional staging, mouth opening between 15 and 25 mm as moderate functional staging, and mouth opening \<15 mm as severe functional staging.\[[@ref9]\]

Immunohistochemical staining technique was based on the labeled Streptavidin--Biotin, method.\[[@ref10]\]

Interpretation of staining {#sec2-1}
--------------------------

All images were clicked under oil immersion ×10 and ×40, and epithelial thickness was measured using image analysis software version of Leica research microscope (Model No. DM1000 LED) Ernst-Leitz Microsystems (CMS GmbH Ernst Street, 17-37, 35578 Wetzlar, Germany). The parameter used in this study was the intensity of immunohistochemical staining based on the subjective evaluation of color exhibited (brown color) by antigen, antibody, and chromogen complex as negative (−, no color), and light brown-to-dark brown color is considered as positive staining. The distribution of staining was graded in all layers of the epithelium. Only nuclear staining of epithelial cells was observed, and the nuclei with clear brown color, regardless of staining intensity, were regarded as positive.

Five different fields of immunohistochemistry-stained slide were viewed by three different pathologists who were blindfolded, and the number of stained nuclei was counted manually; the mean was calculated and tabulated using different statistical tools.\[[@ref2]\]

The epithelial thickness was also measured in H and E staining in three different areas, and the mean was calculated using image analysis software (Leica Application Suite, LES core version 3.8) and Leica research microscope at ×10 (Model No. DM1000 LED) which was correlated with Ki-67 expression in various grades of functional staging.

Findings were observed and tabulated and analyzed. Further analysis was done using Pearson\'s correlation. The level of significance was set at 5%. All *P* \< 0.05 were treated as significant. IBM SPSS 20.0 (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp). software was used for analysis.

In the study term "functional staging and mouth opening" have been used. One should consider severe functional staging as severely decreased mouth opening, mild functional staging as a mild decrease in mouth opening and moderate functional staging is considered as in between mild and severe functional staging/mouth opening.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Descriptive statistics for number of Ki-67-stained nuclei according to various grades of functional staging in OSMF was done by three observers and analyzed using Pearson\'s correlation. There was an increase in Ki-67 expression with increasing functional grades of OSMF. In the present study, (*P* \< 0.01) was \< 0.001, hence the study was statistically significant \[[Table 1](#T1){ref-type="table"}\].

###### 

Descriptive statistics for number of Ki-67-stained nuclei according to various grades of functional staging and thickness of epithelium in oral submucous fibrosis using Pearson's correlation

                                  Functional stage   Stained nuclei   Thickness of epithelium
  ------------------------------- ------------------ ---------------- -------------------------
  Functional stage                                                    
   Pearson's correlation          1                  0.612\*\*        0.086
   Significant (two-tailed) *P*                      0.000            0.653
   *n*                            30                 30               30
  Dysplasia                                                           
   Pearson's correlation          0.587\*\*          0.546\*\*        −0.177
   Significant (two-tailed) *P*   0.001              0.002            0.349
   *n*                            30                 30               30
  Stained nuclei                                                      
   Pearson's correlation          0.612\*\*          1                −0.077
   Significant (two-tailed) *P*   0.000                               0.686
   *n*                            30                 30               30
  Thickness of epithelium                                             
   Pearson's correlation          0.086              −0.077           1
   Significant (two-tailed) *P*   0.653              0.686            
   *n*                            30                 30               30

Descriptive statistics for number of stained nuclei in various grades of functional staging in OSMF was also analyzed by different observers \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation between Ki-67 staining and thickness of the epithelium

                            *n*   Minimum   Maximum   Mean      SD
  ------------------------- ----- --------- --------- --------- ---------
  Stained nuclei            30    0.0       128.6     22.177    30.0672
  Thickness of epithelium   30    36.5      248.6     144.283   53.4202

SD: Standard deviation

Epithelial thickness according to various grades of functional staging in oral submucous fibrosis {#sec2-2}
-------------------------------------------------------------------------------------------------

Epithelial atrophy is said to be one of the significant features in OSMF. However, the present study did not show a consistent decrease in epithelial thickness with increasing functional grades of the disease \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. This result indicates that there was no significant difference in the epithelial thickness according to functional staging/mouth opening (*P* \> 0.05). Thus, there was no statistical correlation between various grades of functional staging/mouth opening and epithelial thickness.

![(a) Oral submucous fibrosis (×40) -- Ki-67-positive stained nuclei. (b) Positive control, squamous cell carcinoma (×40) -- Ki-67-positive stained nucleus. (c) Oral submucous fibrosis (×40) -- Ki-67-positive stained nucleus in mild grade of functional staging. (d) Oral submucous fibrosis (×10) -- measurement of epithelial thickness in mild grade of functional staging](JMAU-8-20-g001){#F1}

![(a) Oral submucous fibrosis (×40) -- Ki-67-positive stained nuclei in moderate grade of functional staging. (b) Oral submucous fibrosis (×10) -- measurement of epithelial thickness in moderate grade of functional staging. (c) Oral submucous fibrosis (×40) -- Ki-67-positive stained nuclei in severe grade of functional staging. (d) Oral submucous fibrosis (×10) -- measurement of epithelial thickness in severe grade of functional staging](JMAU-8-20-g002){#F2}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Abnormal cell proliferation is a predictor of tumorigenesis and malignant transformation of potentially malignant lesions.\[[@ref11]\]

OSMF is predominantly a connective tissue disorder but transforms into epithelial malignancy. What makes it more sinister is the malignant transformation rate, which has been reported to be around 7.6% over a 17-year period.\[[@ref12]\]

Although extensive data for molecular markers such as p53, proliferation-associated antigens, cytokeratin, and BCL2 group of protein exist for other premalignant lesions such as leukoplakia, data for OSMF are limited, especially in India. The epithelial changes in OSMF have been studied from the past five decades, and several hypotheses have been suggested for the role for its malignant transformation. It is suggested that the expression of Ki-67 increases with proliferative activity which is also observed in atrophic epithelium of OSMF. The rate of proliferation and the rate of recurrences have been widely studied using Ki-67 antigen in various oral pathological conditions such as leukoplakia, OSMF, squamous cell carcinoma, and other pathological tumors such as breast carcinomas, colorectal carcinomas, osteosarcomas, astrocytomas of the brain, and neoplasms of the thyroid. Few studies have also been documented in the literature where the authors have used Ki-67 to study odontogenic cysts such as dentigerous cyst, radicular cyst, and odontogenic keratocyst and odontogenic tumors such as adenomatoid odontogenic tumors and ameloblastoma.\[[@ref13][@ref14][@ref15]\]

The available literature on the expression of Ki-67 in OSMF is sparse. Thus, this study aims to evaluate the Ki-67 expression and to correlate it with thickness of epithelium and functional staging, which has not been correlated so far.\[[@ref1][@ref16][@ref17][@ref18][@ref19][@ref20]\]

In this study, epithelial changes have been emphasized more than that of connective tissue changes.

Even though epithelium in OSMF is atrophic, it shows marked cellular proliferation and leads to malignant transformation. Therefore, this study is prominently focused on epithelial changes to evaluate neoplastic alterations.

In a recent study, it was observed that as the nuclear proliferation increased, the functional stage also increased.

Epithelial thickness decreases with increasing functional stage of OSMF.\[[@ref18]\] Thus, epithelial atrophy is said to be one of the key features in OSMF. Therefore, there is a need of an hour to study the proliferation potential of an atrophic epithelium in OSMF and correlate with functional staging and epithelial thickness.

However, our study did not show a consistent decrease in epithelial thickness with increasing functional grades of the disease. Each grade of the disease was found to display either hyperplastic or atrophic epithelial changes. Earlier, Pindborg *et al.* and Vilmer *et al.* also suggested that the overlying epithelium is either atrophic or hyperplastic and often hyperkeratotic.\[[@ref21][@ref22]\]

Thus, epithelial changes in our study were in agreement with earlier reports.

Furthermore, the microtrauma to oral mucosa and gastrointestinal mucosa caused due to the continuous friction of coarse fibers of areca nut chewing leads to the diffusion of betel quid alkaloids and flavonoids into the subepithelial connective tissue through atrophic and microperforated gastrointestinal and oral mucosa which results in juxta-epithelial inflammatory cell infiltration. Gastrointestinal tract (GIT) with microperforations due to microtrauma is also a feature seen in leaky gut syndrome. The current standard of care paradigm is to treat the symptoms of disease, not the cause of disease, but reversing this paradigm and healing leaky gut syndrome would prevent, reverse, or delay chronic diseases such as OSMF. Extensive research needs to be done to study leaky gut and its cure in OSMF. A leaky gut also reduces the absorptive capacity of the epithelium. Persistent gastrointestinal inflammation in due course disrupts the integrity of the mucosal lining of the gut, and tiny perforations allow undigested molecules larger than usual to pass across this barrier. Both animal studies and recent clinical evidence support this new paradigm of leaky gut syndrome and provide the rationale for innovative approaches to prevent and treat autoimmune diseases as per Fasano\'s study.\[[@ref23]\]

Pindborg *et al.*, however, considered that the atrophic epithelium first becomes hyperkeratotic and later develops intercellular edema and basal cell hyperplasia, eventually followed by epithelial atypia with moderate epithelial hyperplasia which forms perfect soil for future neoplastic changes. It is generally accepted that an atrophic mucosa is more likely to undergo malignant transformation. However, there is no clear evidence in regard to the development of dysplasia and connective tissue changes.\[[@ref21]\] However, Lee SS *et al.* stated that hypoxia could be one of the etiological factors in OSMF which is principally mediated by hypoxia-inducible factor-1 alpha (HIF-1a) expression.\[[@ref24]\] Furthermore, HIF-1a is implicated in OSMF and its overexpression leads to changes in cell proliferation, maturation, and metabolic adaptation, escalating risk of malignant transformation of OSF.\[[@ref25]\] HIF-1a may thus be essential for both progression of fibrosis and malignant transformation in OSMF.\[[@ref25][@ref26]\] The Ki-67 expression in OSMF was significantly higher than that of normal mucosa. Similar findings have been reported by Gonzalez-Moles *et al.* in nonneoplastic epithelium adjacent to OSCC, Gyorgy and Belain in leukoplakia and oral cancer, and Kurokawa *et al.* in epithelial dysplasia.\[[@ref19][@ref20][@ref27]\]

We did not correlate Ki-67 expression with degree of dysplasia as most of our cases had atrophic epithelium without much similar significant dysplastic changes in each group.

In the present study, as the functional staging increased, the Ki-67 expression also increased, and it was highest in severe functional staging/severely decreased mouth opening and was least in mild functional staging/mild decrease in mouth opening.

In moderate functional staging, an intermediate result of Ki-67 expression was observed. Similar findings were observed by "Ranganathan *et al.*"\[[@ref28]\]

Epithelial atrophy is said to be one of the key features in OSMF. However, the present study did not show a consistent decrease in epithelial thickness with increasing functional grades of the disease which indicates that there was no significant difference in the epithelial thickness according to mouth opening (*P* \> 0.05), and these results were in accordance with the study conducted by"Pindborg *et al.*" and "Vilmer *et al.*"\[[@ref21][@ref22]\] who suggested that the overlying epithelium in OSMF is not always atrophic. They found hyperplastic and often hyperkeratotic epithelium in their study which was associated with aggressive form of the lesion.

The drawback of the study was that the sample size was small. Similar studies should be performed in the future including other molecular markers. In addition, GIT mucosa should also be analyzed through endoscopy, for microscopic and macroscopic alterations of GIT, caused by constant areca nut chewing.\[[@ref29]\]

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Thus, there was an increase in Ki-67 expression with increasing OSMF functional grading that causes decreased mouth opening. However, the present study did not show a consistent decrease in epithelial thickness with increasing grades of the disease.
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